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Abstract 
The article substantiates the need to intensify practice-oriented teaching of information modelling. Commonality of 
information modelling tasks and creative tasks is disclosed; the role of such tasks in developing creative abilities of 
senior pupils in teaching informatics is described. The specificity of the task statement allows to classify information 
modelling tasks into the tasks with insufficient, redundant, contradictory or null information and depending on the  
character of the purpose they may be of prognostication, optimization, research, reviewing and other types. 
Experimental work in teaching pupils to solve information modelling tasks within the school course of informatics is 
described. 148 schoolchildren were involved in the forming stage of the experiment. It has been proved that teaching 
pupils to solve information modelling problems leads to positive changes in the development level of flexibility, 
fluency, and originality of thinking as components of creative abilities.  
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1. Introduction
Contemporary education is characterized by the transition from reproductive acquisition of knowledge to the 
activity focused on solving life problems using productive creative thinking. One of the key content lines of 
informatics in Russian school education is information modelling that implies incorporation of the system of major 
scientific concepts into the context of solving life problems. Conscious use of the information modelling method 
transfers the education process from the level of reproduction to the level of experimental research activity. 
Although a creative potential of information modelling is strongly declared, in fact, approaches to implementing this 
idea in teaching have not been specified, and they are not adequately reflected in teaching practice. 
The interest of researchers in teaching information modelling is constantly growing (Nicolau & Constantinou, 
2014). Modelling, the process of creating and investigating a model, is considered to be a competence that makes it 
easier to acquire knowledge of scientific concepts and methodological processes, and to understand how science 
works (Hodson, 1993). Models and modelling are used by pupils when they study fundamentals of various sciences: 
physics (Chiu, DeJaegher & Chao, 2015), astronomy (Shneps, Ruel, Sonnert, Dussault, Griffin & Sadler, 2014), 
geography (Flavier & van der Schee, 2014) and others.  
At the same time students‘ inability to ‘work’ with information models is still a problem. They cannot organize 
the search of information needed for solving a problem; present the information as an information model; estimate 
whether it is expedient to use a particular type of information technology when making a model, and effectively use 
it; apply the results of information modelling in practice; perform the information modelling process according to its 
stages; correctly interpret the results of information modelling; estimate the model adequacy. To be able to create 
models and use them, it is not enough to be theoretically familiar with the categorical apparatus of information 
modelling and to work with out-of-the-box models.
2. Objectives, methodology and research design 
The solution of this problem is to strengthen a practical aspect of teaching information modelling in Senior 
school by intensifying the problem solving activity. The main task of teaching informatics at school is to teach to 
construct information models in such a way that they could most adequately meet the tasks of understanding the 
surrounding world. Much more important than the particular and narrow skills of working with particular means of 
information technologies are the abilities to formalize, to represent information models using informatics tools 
(Kuznetsov, 2004). 
By information-modelling learning tasks we will mean informatics tasks in which the student‘s purposeful 
activities consist in constructing, transforming and investigating an information model  that serves as a means or an 
outcome  of solving the task (Shtepa, 2010). 
Stages of computer modelling are the following "technological chain": 
1) Statement of the problem, including its description, setting of the purpose of modelling, and analysis of the 
object to be modeled. 
2) Development of the information model (choosing of a representation form of the model, formalized 
description of the object, development of the computer model). 
3) Computer experiment. 
4) Analysis of the obtained model for consistency and adequacy to the object and to the purpose of modelling. 
If the analysis of the obtained model reveals its inaccuracy, then its correction is required, i.e. a return to one 
of the previous stages. The process is repeated until the results of the experiment correspond completely to
the purposes of modelling (Raskin, 2004). 
     To know and be able to use the general structure of the activity for creating a computer model is obligatory when 
solving an information modelling task. 
     The comparative analysis of the main stages of computer modelling and of the structure of the creative process 
allows us to conclude that the process of modelling fits easily in and is in agreement with the creative process. The 
difference is only in the terminology of the relevant science and in the specification of stages. Creating a model 
according to all the stages, the researcher at the same time understands the problem and resolves it; s/he searches for 
data needed for this purpose; makes hypotheses; experiments with the model obtained; checks and evaluates it, that
is s/he too, goes through all the stages that constitute a creative process (Shtepa, 2010). 
     One can also speak about the similarity of information modelling tasks and creative tasks as far as the specificity 
of their structural components is concerned. Statements of creative tasks are characterized by incorrectness of the 
provided information. According to this characteristic, creative tasks are divided into the following types: 
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x tasks with insufficient input information; 
x tasks with redundant information;  
x tasks with contradictory input information; 
x tasks in which there is practically no input information, but there is only the purpose of activity (an open 
task). 
  By the character of the purpose creative tasks are classified as follows (Table 1): 
Table 1. Classification of creative tasks by the character of the requirement. 
Types of tasks Character of the requirement
Research tasks 
Formulation of the task 
Carrying out research on the task 
Prognostication tasks 
Prediction of the object state in the future or of the 
ways for achieving a desirable state of the object 
Optimization tasks 
Optimization of expenses, of funds provided from 
operations, etc. 
Searching for an optimal way of  solution 
Algorithms development tasks 
Development of  an activity algorithm              
Development of an algorithm for solving the task 
Logic tasks 
Structuring of information 
Systematization, classification of objects 
Design tasks Designing of objects 
Reviewing problems 
Searching for errors 
Verification and assessment of the solution and result 
     Creation of models is always vaguely stated tasks that set only the structure of their solutions or individual 
elements. Solving information modelling tasks practically always include completing the definition and the 
statement of the task; searching for the missing data and for approaches to the solution; specifying the purpose, 
conditions, requirements and constraints of the task; singling out essential features from a set of random ones. 
The fact that the basic data of information modelling problems are represented insufficiently and indistinctly allows 
us to characterize them as problems with incorrectly provided input information, i.e. to speak about commonality of 
the specificity of the statements of creative and information modelling tasks. 
     Consider the possibility of fulfilling information modelling tasks in the form of creative tasks in compliance with 
their purpose (requirement). 
     The commonality of information modelling tasks and research tasks is due to the essence of the information 
modelling method as a method of research.  
     To the prognostication tasks there correspond mathematical prognostic modelling problems; besides, one may 
compare tasks of predictive/prognostic modelling of activity, appearance and other characteristics of an object in the 
form of descriptive models in a natural language, mixed models (for example, the flowchart of activity) and visual 
models. 
     Optimization tasks are comparable to problems of optimization mathematical modelling; besides they are 
fulfilled in searching for an optimal variant of representation of a model or an optimal way, medium and instruments 
of solving a modelling task. 
Algorithm development tasks are embodied in those aimed at creating verbal and graphic models of processes 
and activities, models of algorithms in the form of flowcharts, and also when developing algorithms of  solving 
modelling tasks. 
      Tasks for constructing a formal and logical model are nothing but logic tasks. The solution of tasks for building 
a structural model includes structuring, classification and systematization of objects. Formation of skills of 
structuring and formalization of input information is a necessary condition for the preparation of students for solving 
tasks of a research character in which an element of creativity is manifested already at the stage of selection of 
useful input information, and of its adequate representation in accordance with the specified purpose and 
instruments of solving problems. 
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     There are a number of information modelling tasks in which the decision is taken on the basis of the analysis of 
various conditions, establishment of cause and effect relationships and regularities. Thus, a lot of creative logic 
problems and problems of information modelling have a large zone of  intersection. 
 Design tasks are embodied in combining and constructing model components for a given purpose, for example, 
in graphic modelling tasks, in constructing search queries for the information model represented in the database, etc. 
Reviewing tasks in teaching information modelling can be implemented as a separate type of problems, as well as 
included in the modelling process at the stage of testing and analysis of the model. In the first case we speak about 
working with out-of-the-box models (error detection and refutation, checking and evaluation of the process of 
solution and of the result), while in the second case the review coincides with the analysis of the resulting model for 
consistency and adequacy to the object and purpose of modelling. 
     Thus, the uniformity of the specificity of the structural components of the compared types of problems and 
coordination of steps of their solution allows us to speak about the information modelling problems as of creative 
ones and determines commonality of their solution patterns. 
     Development of students’ creativity in education process has not received/is not receiving sufficient attention 
(Alagha, Farajollahi & Shahmohammadi, 2014). Traditionally the Russian school relies on the development of 
academic skills, stimulating creativity through extra-curricular art classes (Chesnokova & Subbotsky, 2014). In 
contemporary research works various aspects of developing and stimulating students’ creativity are examined: the 
cultivation of senses (Hammershøj, 2014), blended learning  (Bazhenov & Luchaninov, 2014) and others. 
Creativity is formed due to the influence of social environment, its value orientation, requirements imposed on 
the person, organization of the information stream, and orientation of all kinds of activity towards goals. Creativity 
as an integral system is a set of interrelated structural components. A fundamental and basic component without the 
development of which this phenomenon cannot be actualized  is creative abilities. The most significant of them are 
the following: 
x fluency - an ability to generate a large number of  ideas expressed in wordings or drawings 
x flexibility - an ability to easily  switch over and propose various ideas from different fields of knowledge and 
experience, to switch from one aspect of the problem to another, to single out essential features from a set of 
random ones, to transform the structure of the object, to be able of using a variety of strategies for solving 
problems; 
x originality – an ability to produce non-standard ideas differing from obvious, well-known, banal or firmly 
established (Torrance, 1962). 
     Consider how our selected types of creative problems, and, hence, data modelling problems correlated with them, 
influence the development of particular components of creative abilities. 
     For solving tasks with the incorrectly provided information it is required that ideas be proposed to complete 
definition and statement of the task, of the source data, and of approaches to the solution;  essential features be 
selected from a set of random ones; which allows us to develop fluency, flexibility and originality of thinking. 
     In accordance with the nature of the purpose of a creative task its solution may require the fulfillment of certain 
mental operations related to the manifestation and development of creative abilities. Practically all types of creative 
tasks require generation of ideas and hypotheses concerning the properties, state, behavior and structure of the object 
being modeled. The development of fluency is achieved by proposing as many of such ideas as possible. The need 
to generate such ideas from different fields of knowledge and experience, the transition from one aspect of the 
problem to another influences the development of flexibility. Production of unconventional ideas leads to the 
development of originality. 
     To test the hypothesis about a positive impact of teaching the solution of information modelling tasks on the 
development of senior pupils’ creative abilities, we have chosen techniques designed for the age group that includes 
early adolescence: the Torrance tests for the diagnosis of non-verbal creative thinking and a verbal test of creative 
thinking, "unusual use." Torrance tests are accepted and widely used at the international level (Cardoso, Malheiro, 
Rodrigues, Felizardo & Lopes, 2015). There have been many studies confirming the reliability and validity of the 
Torrance tests (Karimi, Ramezani, Ahmadi, Heshmati & Jafar, 2010). 
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3. Discussion of the research outcomes
The experiment consisted of three main stages: establishing (2007-2010), searching (2010-2012) and forming 
(2012-2014). 
     At the establishing stage the research was aimed at studying a content component as well as operation and 
activity components of teaching information modelling in general and training the solution of tasks of this section in 
particular. 82 pupils were involved in experimental learning. During this period of the research, analysis of the 
potential of information modelling tasks, search for and construction of problems, development of the structure and 
content of teaching their solution, monitoring of the process and outcomes of learning, questioning of students, 
analysis of creative projects, discussion of issues in private conversations with informatics teachers and in the 
methodological association of informatics teachers were carried out. 
     At that stage of the experiment it was established that the methodology of teaching the solution of information 
modelling tasks is poorly developed. In the discussions with informatics teachers it was found out that they preferred  
using laboratory works with distinctly defined instructions that are most frequently given in methodology literature 
and that do not arouse students’ additional questions and do not require teachers’ special efforts in checking and 
evaluating the outcome. However the survey has shown that 76% of the students are interested in solving creative 
tasks and prefer them to a passive fulfillment of laboratory works. The introduction of creative information 
modelling tasks has shown expediency of their application for developing skills of working with different types of 
information presented in different forms, as well as for improving skills in informatics on the whole. Conclusions 
that have been made from the observation of students’ performance and from discussions with teachers and students 
gave an impetus to a purposeful development of methods for teaching senior pupils to solve information modelling 
tasks.
     For further research work , analysis of philosophical, psychological and pedagogical , methodological literature 
and research papers on the issue under study has been made; goals and objectives of the research have been defined; 
primary  hypothesis has been developed. 
    The searching stage of the study was dedicated to the experimental substantiation of the similarity of information  
modelling tasks and creative tasks, their typologization and systematization, identification of possible ways of 
raising the level of development of students’ creative abilities in the process of teaching  information modelling, 
specifying the content of teaching the solution of  information modelling tasks, selection and preparation of 
diagnostic techniques. 
    The forming stage of the experiment was carried out in the 2012-2014 school year. 86 senior pupils of 
Birobidzhan and 62 senior pupils from Yuzhno-Sakhalinsk were involved in the experiment. 
    The experimental group consisted of 77 pupils who were given information modelling tasks on particular topics 
of informatics, especially related to processing techniques of textual, numeric and graphic information. The control 
group consisted of 71 pupils of the same schools and parallel classes who were given step by step instructions for 
performing laboratory works in informatics.  
     At the beginning of the forming experiment, diagnostics of creative abilities of pupils was made (further ‘input 
diagnostics’). 
    The level of the development of creative abilities of the experimental and control groups during input diagnostics 
is shown in Table 1. The range of changes of the indicators of fluency, flexibility and originality in the verbal test 
had no upper boundary, the range of nonverbal originality was from 0 to 1. For all the indicators mean value for a 
group (Table 2) is specified. 
Table 2. Classification of creative tasks according to the character of the requirement 
Indicator Experimental group Control group 
Fluency 6,55 7,9 
Flexibility 5 5,9 
Originality (verbal) 52,25 63,8 
Originality (non-verbal) 
0,79 0,74 
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      It should be noted that for three indicators, students in the control group showed significantly better results 
(about 20% higher). This difference can be explained by the fact that in the control group in tests with unlimited 
scale of measurements a greater number of students have shown good results. 
      Note also that with the current abundance of methods for measuring creative abilities, practically all of them 
allow us to judge about the degree of the development of creative abilities only relatively, because they do not 
contain normative data for different age ranges. The division into levels (low, middle, high) was made using an 
interval method (Table. 3). 
Table 3. Distribution of students of experimental and control groups by levels (in %). 
Indicator  
Experimental group Control group 
Low Middle High Low Middle High 
Fluency 9,1 79,2 11,7 9,9 71,8 18,3 
Flexibility 45,5 45,5 9,1 28,2 57,7 14,1 
Originality (verbal) 42,9 42,9 14,3 19,7 52,1 28,2 
Originality (non-verbal) 11,7 13 75,3 14,1 38 47,9 
For us, essential were the changes that would occur in each group during the forming experiment. Since the 
remaining learning conditions in both groups did not differ, the assumption was made that if there were essential 
differences in the level of creative abilities of students of the two groups, they could be considered to be the result of 
experimental teaching. 
At the end of the second year of the experimental learning a repeated diagnostics was made of creative abilities, 
using tests and techniques analogous to those applied at the beginning of the forming experiment; it demonstrated 
the following changes. 
                           Table 4. The level of development of creative abilities in the control and experimental groups at the end  
                           of the forming stage. 
Indicator 
Experimental group Control group 
Final value   Change (%) Final value Change(%) 
Fluency 8,25 +25,95 7,48 -5,42 
Flexibility 7,4 +48 6,71 +13,71 
Originality (verbal) 65,6 +25,55 59,76 -6,27 
Originality (non-verbal) 0,88 +12,01 0,74 +0,13 
      
     Distribution of pupils of the experimental and control groups by levels (%) at the beginning and end of the stage 
is shown in Table 5 (upper boxes - the indicator value at the beginning of the stage, the bottom - at the end of it). 
                     Table 5. The levels of development of creative abilities in the control and experimental groups at the beginning 
                          and end of the forming stage. 
Indicator 
Experimental group Control group
Low Middle High Low Middle High 
Fluency
9,1 79,2 11,7 9,9 71,8 18,3 
0 66,2 33,8 19,7 46,5 33,8 
Flexibility
45,5 45,5 9,1 28,2 57,7 14,1 
20,8 40,3 39 23,9 42,3 33,8 
Originality (verbal) 
42,9 42,9 14,3 19,7 52,1 28,2 
20,8 45,5 33,8 28,2 43,7 28,2 
Originality (non-verbal) 
11,7 13 75,3 14,1 38 47,9 
0 15,6 84,4 23,9 23,9 52,1 
From Table 5 it is seen that in the experimental group there is growth in all the investigated parameters. In the 
control group there is also a total increase too. 
To determine the validity of the results of the experiment, statistical analysis of the data has been carried out by 
comparing the means of two normal parent populations with unknown variances (dependent samples) (using 
Student’s  t-criterion). As a null hypothesis it has been suggested that the results of the indicators of creative abilities 
at the beginning and end of the formative experiment differ insignificantly. The significance of the changes of all the 
indicators of the experimental group was confirmed for a confidence probability 0.9, while of two parameters 
(fluency and flexibility), for 0.95. In literature, for conclusions to be scientifically convincing the error of not more 
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than 0,05 is considered as sufficient. However it should be taken into account that it is difficult to measure the 
development of creative abilities due to the subjective character of the qualitative analysis of their increment.
Therefore, it can be considered that such lowering of the level of confidence probability for some of the indicators  
does not lead to considerable errors of the experiment. 
Thus, the main hypothesis of our research should be considered experimentally proved. 
4. Conclusion 
Creative abilities as an individual attribute of personality represent one of the concrete personality educational 
outcomes. As any ability they manifest themselves and develop in activities. Solution of problems plays the leading 
part in senior pupils’ activity when they acquire information modelling. Commonality of the specific features of the 
structural components of information modelling tasks and creative tasks and the conformity of the stages of their 
solution allow us to speak about information modelling tasks as of creative ones, and determine commonality of 
their solution patterns. By specificity of the statement, information modelling tasks can be classified as tasks with 
insufficient, redundant, contradictory and null input information; according to the character of purpose – 
prognostication, optimization, research, reviewing, and other tasks. The solution of every type of tasks allows the 
development of various components of creative abilities: fluency, flexibility and originality. 
    The conducted research has demonstrated that task approach in teaching information modelling is an effective and 
efficient way for improving skills of information modelling and complex development of senior pupils’ creative 
abilities. 
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